carried out on sparsely distributed small land parcels.
Further, permanent crop lands are relatively rare because of the limitations in climate, topographic, and soil conditions. Crop lands are often abandoned or left as fallow ground after a few years of cultivation.
Crop production in Mongolia has slowly increased to supply domestic consumption. In recent years, there has been relatively large scale conversion of grassland to crop land for the cultivation of crops and vegetables.
However, the converted crop lands had not been properly cultivated due to the lack of necessary farming skills and the limitation of soil and climate conditions. Such crop lands had been eventually abandoned and can be a problem of land degradation and desertification (Batbileg, 2009) . Improper conversion of grassland to crop land could affect environmental changes ranging from desertification and soil erosion (Lanjeri et al., 2001 ) to soil carbon loss (Wilhelm et al., 2011) . program (Ortiz et al., 1997) . Satellite images have provided information on crop type, condition, area and growth stages (Turker and Arikan, 2005) . In remote sensing based crop inventories, it was found that the spectral characteristics of crop were different by growing stage and, therefore, it may not be possible to detect diverse crop status in a single image (Murthy et al., 2003) . By incorporating the temporal variation of crop type and condition, multi-temporal images have shown great improvement in crop mapping and inventory studies (Conese and Maselli, 1991; Murthy et al., 2003; Lay, 2005; Maruthi Sridhar et al., 2010; Jang et al., 2012) . Mulla (2012) reviewed that temporal frequency of remote sensing data was an important factor in agricultural applications. Multi-temporal images were also known to be effective for land cover classification (Jeong et al., 2006) and for land cover change monitoring over arid region (Ryu et al., 2013) .
In a conventional supervised classification of multispectral images, all classes must be defined and trained in detail (Foody and Mathur, 2006) . The classification of multi-temporal images often requires other approaches than conventional maximum likelihood classification technique. Turker and Arikan (2005) showed that the sequential classification would be better for crop mapping if additional images were used for crop mapping. In this study, we are trying to find an effective and accurate method to map sparsely distributed crop lands in Mongolia using satellite images. Accurate crop land inventory is an essential requirement for the crop yield estimation and the regional and national land planning for the sustainable development.
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STUDY AREA AND DATA USED
The study area, the Bornuur County is a sub-region within the Tuw Province in northern Mongolia and is located about 100 km north from the capital city, Ulaanbaatar (Fig. 1) 
METHODS

1) Crop Phenology of Wheat and Potato
Because of the climate condition over the study area, the growing season is relatively short. In general, the plantation begins in late April and the harvest time is Classification of Crop Lands over Northern Mongolia Using Multi-Temporal Landsat TM Data -6 13 - Although the main interest of the study is to classify wheat and potato fields, there are other land cover types that are spectrally similar to the crop lands. 
2) Classification for Crop Mapping
We used two classification schemes to delineate wheat and potato fields using multi-temporal TM images. The first scheme is a standard maximum likelihood classification on the combined 12 bands of two TM images of July and August. This classification method has been widely adopted for multitemporal image classification by using temporal characteristics of different crop phenology (Lay, 2005) . As seen in Fig.   2 , the two crop types show large spectral variation between early July and late August while the other cover types (forest, riparian vegetation, grassland, water and bare soil) do not show such difference.
The second classification scheme used is similar to the layered classification method, in which each class is separated by a subset of multi-band image. The layered classification process is shown in Fig. 3 . First classification was performed on the TM image of Korean Journal of Remote Sensing, Vol.29, No.6, 2013 -6 14- August to extract bare soil class. Since the early potato has been almost harvested in August, the bare soil class also includes the early potato fields. The second classification was applied on the combined July and August TM data after the bare soil (and early potato) areas were masked out from the August TM image.
From the second classification, we were able to classify the wheat and late potato fields as well as other land cover classes. The third classification was performed on TM image of July for the area corresponding to the only bare soil (and early potato) class that had been extracted by the first classification. Although the early potato has similar spectral characteristics with bare soil in August, it is clearly different from bare soil in July because of the sufficient leaf growth at that time.
We have selected enough numbers of training samples for the eight classes of wheat, early potato, late potato, and other cover types. To select training pixels, we initially used the Irrigation Map obtained from the local land planning agency. We further verified the ground truth information by the field survey over the study area, which were carried out during the summer of 2013. During the field survey, it was found that most bare soil lands were either abandoned or fallow ground for crop rotation due to the low soil fertility. Test samples were also collected each of eight classes including both early and late potatoes to assess the classification accuracy. Among the 1,194 test pixels, 511 pixels were collected from wheat, early potato, and late potato fields. The same training and test pixels were equally applied to the two multi-temporal classification schemes. For the comparison, we also classified each of two TM images separately.
RESULTS AND DISCUSSIONS
Although there are eight land cover classes including wheat and potato, we are mainly interested in classification of crop lands. Potato fields are classified into two classes of early potato and late potato and then merged together after the classification. Table 1 shows the classification accuracies of wheat, potatoes, crop (combined wheat and potato), and overall of eight classes for the two multi-temporal classifications and two classifications using a single TM image only. As expected, the crop classification accuracy is higher with multi-temporal classification than with the classifications using a single TM image of either July or August.
When we used only the TM image of July, crop classification has relatively low accuracy (70.6%). In
July wheat has about the maximum leaf growth and, therefore, its spectral characteristics are similar to nearby forest and grassland. Because of that, the wheat There are other classification approaches for classifying multi-temporal images (Choi et al., 201) that could provide better classification accuracy. In this study, we are trying to show the value of using multi-temporal images rather than recommending a certain classification method.
Although classification accuracy assessment using test samples is the most common way of measuring classification performance, it is not always the best. It can be subjective to the number, distribution, and method of selecting test samples. Therefore, it is necessary to compare classified outcome by visual interpretation. Fig. 4 compares the classified maps of four approaches applied in the study. The bare soil Korean Journal of Remote Sensing, Vol.29, No.6, 2013 -6 16- fields were seen with small rectangular shape in the multi-temporal classification (a, b). As mentioned before, bare soil fields were either abandoned ground after a few years of crop cultivation or fallow ground for crop rotation. They were correctly separated from the potato fields by using multi-temporal images.
Although the classification accuracy of the August TM image was relatively high, the classified map (d) shows large areas of evident misclassification. In the map, wheat class has large portion of commission error from forest and grasslands. In addition, large portions of grassland were misclassified into bare soil. From the visual interpretation, it is clear that the wheat and potato fields can be correctly separated from other land covers when we use both July and August images.
CONCLUSIONS
In Mongolia, reliable agricultural statistics is a 
